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where is straight-chain or branched Ci-s alkoxy (which nrtay 
be substituted with cycloalkyi) or Cz^ fluoroaikyloxy. Is H. 
methyl or methoxy. and R^ and R^ are each H or methyl and may 
be the same or different. All these compounds exhibit good 
inhibition of potassium ion-dependent adenosine triphospha- 
tase and excellent storage stability, so that they are usable for 
the treatment of gastric and/or duodenal ulcers. 
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Description 

lMiDAZO[4,5-b] PYRIDINE COMPOUNDS, PROCESS FOR PREPARING SAME AND PHARMACEUTICAL 

COMPOSmONS CONTAINING SAME 



5 BACKGROUND OF THE INVENTION 

(1) Field of the Invention 

This Invention relates to novel imidazo[4,5-b] pyridine compounds. The imidazo[4,5-b] pyridine compounds 
of this Invention have excellent storage stability and can be used as drugs for the treatment of gastric and 
10 duodenal ulcers. 

(2) Description of the Prior Art 

In recent pathophysiological studies on gastric and duodenal ulcers, attention has been focused on the 
behavior of potassium ion-dependent adenosine triphosphatase [hereinafter referred to as (H+ + K+) ATPase] 

15 participating in the production of hydrochloric acid in the vesicles of the gastric endoplasmic reticulum, and 
the presence of an inhibitory effect on this enzyme is now considered to be a criterion of the usefulness of 
anti-ulcer agents (Gastroenterology. Vol. 1, p. 420. 1943; ibid:, Vol. 73, p. 921, 1977). From this point of view, a 
class of compounds having a side chain comprising an unsubstituted to trisubstituted pyridylmethylsulfinyi 
group are now being developed as anti-ulcer agents, and one typical example thereof is Omeprazole having a 

20 benzimidazole skeleton (Japanese Patent Laid-Open No. 141783/'79; British Medical Journal, Vol. 287. p. 12, 
1 983). On the other hand, it has been confirmed or suggested that certain imfdazopyridine compounds have an 
inhibitory effect on the aforesaid enzyme. Typical examples thereof are compounds of the general formula 




where one of X and Y is «CH- and the other is =N-, R"*' and R^' are each a hydrogen atom, a lower 
alkoxycarbonyl group, a halogen atom, a lower alkyi group, an amino group or a hydroxyl group and may be the 
same or different, R^', R^' and R^' are each a hydrogen atom, a lower alko)Qf group or a lower alkyI group and 
may be the same or different, A is a lower alkylene group, and ^ is 0 or 1 . However, when Y is = CH-, X is =^ N-, 
and £ is 0, R^', R^ and R^' should not all be hydrogen atoms. These compounds are reported in Japanese 
Patent Laid-Open No. 145182/'86 and will hereinafter be referred to tentatively as the well-known 
imidazopyridine compounds. 

However, it has been found that, when stored without any preventive measure. Omeprazole undergoes a 
higher degree of deterioration than might be expected. In order to overcome its low storage stability, it has 
been imperative to convert Omeprazole into its alkali salt (Japanese Patent Laid-Open No. 167587/'d4). 

As to the well-known imidazopyridine compounds, the present inventors chose, as two typical examples 
thereof, 2-[2-(3,5-dimethyl-4-methoxy)pyridyImethylsulfinyl]-6-bromoimidazo[4,5-b] pyridine (hereinafter 
referred to tentatively as Compound a) and 2-[2-(3.5-dimethyl-4-methoxy) pyridylmethylsulfinyi] -6-methylimid- 
azo[4,5-b] pyridine (hereinafter referred to tentatively as Compound P), and subjected them to various tests. 
As a result, it has been found that (1) similarly to Omeprazole, these compounds are also defective In storage 
stability and (2) while they exhibit a msirked inhibitory effect on (H+-hK+) ATPase in the in vitro tests, this 
effect is not satisfactorily reflected in the In vivo tests for inhibitory effect.on gastric secretion and for Inhibitory 
effects on various experimental ulcers. 

SUMMARY OF THE INVENTION 

In view of these circumstances, the present inventors have made an exhaustive study of compounds related 
to the aforesaid well-known imidazopyridine compounds and have discovered that compounds obtained by 
substituting various alkoxy groups for the bromine atom or methyl group of Compounds a and p have excellent 
storage stability and exhibit a good anti-ulcer effect in various in vivo tests. The present invention has been 
completed on the basis of this discovery. 

According to one feature of the present invention, there are provided imidazo[4,5-b]pyridine compounds of 
the general formula 
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where RMs a strsught-chain or branched alkoxy group of 1 to 8 carbon atoms (which may be substituted with a 
cycloalkyi group which preferably contains 3 to 6 carbon atoms) or a fhjoroalkyloxy group of 2 to 4 carbon 
atoms, R2 is a hydrogen atom, a methyl group or a methoxy group, and R3 and are each a hydrogen atom or 
a methyl group and may be the same or different. 

According to another feature of the present invention, there are provided processes for preparing 
imldazoI4,5-b]pyridine compounds represented by the above general formula [I]. 

According to still another feature of the present invention, there are provided pharmaceutical compositions, 
containing an imidazo[4,5-b]pyridlne compound represented by the above general formula [I], as an active 
ingredient. 

It is to be understood that the imida2oI4,5-b]pyridine compounds represented by the general formula [1] 
also include their tautomers represented by the general formula 




II'] 



where R^ R^, R^ and R^ are as previously defined. 

In the general formulae [I] and [H, the alkoxy group represented by R"* is selected from among methoxy, 
ethoxy. isopropyloxy, n-propyloxy, sec-butyloxy. rsobutyloxy. tert-butyloxy, n-butyioxy, n-pentyioxy, 3-methyl- 
butyloxy. n-hexyloxy, n-heptyloxy, 5-methylhexyloxy, 2,4.4-trimethyIpentyloxy, n-oc^oxy, cyclopropylmethy- 
loxy, 1-cyclopropylethyloxy. cydobutylmethyloxy, cydopentylmethyloxy. 2-cyclopentylethyloxy. 3-cyclopen- 
tylpropybxy, cyclohexylmethyloxy, 2-cyclohexyleth^oxy and like groups. SimHarly. the fluoroalkyloxy group 
represented by R^ is selected from among 2.2.2-trifluoroethoxy. 2,2.3,3,3-pentafluoropropyIoxy, 
1,1,1 ,3,3.3-hexafluoro-2-pr6pyloxy, 2,2,3,3,4.4,4-heptafluorobutyloxy and like groups. 

DETAiLED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The lmidazo[4.5-b] pyridine conr>pounds represented by the above general formulas [I] and [K] (hereinafter 
referred to briefly as the present compounds) can be prepared by oxidizing a sulfkle compound of the general 
formula 




[IIJ 



where R1. R^. R3 and R* are as previously defined, in the presence of a suitable solvent and with the aid of an 
oxidizing agent. The oxidizing agent may be be used in an amount of 1.0 to 1.3 moles per mole of the sulfide 
compound [II]- Oxidizing agents useful for ttiis purpose include, for example, peroxides such as 
m-chloroperbenzoic acid, perbenzoic acid, peracetic acid and the Hke. However, m-chloroperbenzoic acid is 
preferred because of its high stability. Suitable reaction solvents include, for ^cample, halogenated 
hydrocarbons such as chloroform, tetrachloroethane, etc.; alcohols such as methanol, ethanol. propanol, 
butanol, etc.; and mixtures of two or more such solvents. However, from the viewpoint of selectivity and yield in 
the oxklation reaction, it is particularty preferable to use chloroform or a mixture of chloroform and methanol. 
The reaction Is carried out at a temperature of -70 to 30*0, preferably -20 to 10** C, for a period of time ranging 
approximately from 1 minute to 24 hours, preferably from 5 minutes to 1 liour. 

- The sulfide compounds represented by the above general formula [II] can be prepared by condensing a thiol 
compound of the general formula 
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where is as previously defined, with a pyridine compound of the general formula 




[IV] 



where R^, R3 and R^ are as previously defined. In a reaction solvent. This reaction may be carried out in the 
presence or absence of a base. If it is carried out in the absence of base^ the resulting sulfide compound [II] is 
In the form of a hydrochloride and, therefore, needs to be dehydrochlorinated by means of a deacidifying 
agent. The pyridine compound [\V\ may be used in an amount equimolar to the thiol compound {III], and the 
base may be used in an amount of 2.0 to 3,0 moles per mole of the thiol compound [III]. Bases useful for this 
purpose include, for example, sodium hydrogen carbonate, sodium carbonate, potassium carbonate, sodium 
hydroxide, potassium hydroxide and the like. Suitable reaction solvents include, for example, alcohols such as 
methanol, ethanol, propanol, butanol, etc.; aprotic polar solvents such as dimethylformamide, dimethyl 
sulfoxide, etc, ; water; and mixtures of two or more such solvents. The reaction is carried out at a temperature 
of 10 to 200"* C, preferably 60 to 80° C, for a period of time ranging approximately from 1 minute to 12 hours, 
preferably from 5 minutes to 4 hours. The thiol compound {III] used as a starting material can be prepared 
according to many well-known processes including, for example, that described in The Journal of Organic 
Chemistry, Vol. 24, p. 1455. 1959, 

Now, the beneficial effects of the present compounds [I] will be described hereinbelow. Specifically, they 
were tested for storage stability, in vitro inhibitory effect on (K+ +K+) ATPase, and in vivo inhibitory effects on 
gastric secretion and on various experimental ulcers. The test compounds used for this purpose were the 
compounds enumerated below and considered to be typical examples of the present compounds [I]. The 
designation given in parentheses after the chemical name of each compound means its tentative name as 
used herein and corresponds to the respective one of the examples which will be described later. 

2-[2-(3,5-DimethyI)pyridylmethylsulfinyl]-5-methoxyimidazo[4,57b]pyridine (Example 1). 
2-[2-(3,5-D!methyl-4^methoxy)pyridyImethylsulfinyll 5-metiioxy]mjdazo[4,5-b]pyrid!ne (Example 2). 
2-[2-{3,4,5-TrimethyI)pyridylmethyf$ulfinyl]-5-methoxyimidazo[4,5-b]pyridine (Example 3), 
2-[2-(4-Methoxy-5-methyl)pyridylmethylsulfinyl]-5-methoxyimldazo[4,5-b]pyridlne (Example 4). 
2-[2-(4-Methoxy-5-methyl)pyridyImethylsuffinyl]-7-methoxyimidazo[4,5-b]pyridlne (Example 7). 
2-[2-(3,4,5-Trimethyl)pyridylmethylsuIfinyl]-5-ethoxyimidazo[4,5-b]pyridine- (Exeunple 8). 
2- [2-(3,5-Dimethy I) pyridylmethylsuIfinyl]-5-isopropyloxyimidazo[4.5-b] pyridine (Example 10). 
2-[2-(3,4,5-Trimethyl)pyridylmethylsuIfinyl]-5-n-t>utyloxyimidazo[4,5-b]pyridine (Example 12). 
2-[2-(4-Methoxy-5-methyl)pyridylmethylsulfinyI]-5-cyclopropylmethyloxyimidazo[4.5-b]p^^ (Example 13). 
2-[2-(3,5-Dimethyl)pyridylmethylsulfinyll-5-ethoxyimidazo[4,5-b] pyridine (Example 14). 
2-[2-(3,5-Dimethyl-4-methoxy) pyridyImethylsuIfinyl]-5-isopropyloxyimidazo[4,5-b] pyridine (Example 1 5) . 
2>[2-(4-Methoxy-5-methyl)pyridylmethylsulfinyl]-5HSopropyloxylnrudazo[4,5-b]pyridine (Example 16). 
2-[2-(4-Methoxy)pyrldylnriethylsulfinyq-5-fsopropyk>xyimidazo[4,5-blpyridine (Example 17). 
2-[2-(3,5-Dlmethyl)pyridylmethylsulfinyl]-5-n-propyloxyimidazo[4,5-b]pyridnDe (Example 18). 
2-[2-(3.5^Dimethyl)pyridylmethylsutfinyl]''5-isobtJlyloxyimidaz6[4,5-b]pyridine (Example 19). 
2-[2-{3,5-Dimethyl-4-methoxy) pyridylmethylsulfinyl]-5-isobutyloxyimkJa2o[4,5-b] pyridine (Example .20) . 
2-[2-(4-Methoxy-5-methyl)pyridylmethylsulfinyl]-5-isobutyloxyimida2o[4.5-b]pyridine (Example 21). 
2-[2-(4-Methoxy) pyridylmethylsulfinyl]-5-isobutyloxyimidazo[4,5-b]pyridine (Example 22) . 
2-[2-{3,5-Dimethyl)pyridyImethylsuIfinyi]-5-cycIopropylmethyioxyimidazo[4,5-b]pyridine (Example 23). 
2~[2-(3,5-Dimethyl-4-methoxy)pyridylmethylsuifinyl]-5-cyclopropylmethyloxyimidazo[4,5*b]pyridi^ (Example 



24). 

2-[2-(4-Methoxy)pyridylmethylsulfinyl]-5-cyclopropylmethyIoxyimidazo[4,5-blpyridine (Example 25) . 
2-[2-(3,5*Dimethyl-4-methoxy)pyridylmethylsulfinyl]-5-(2.2,2>trifluoroethoxy)imidazo[4^^ (Example 
26). 

2-[2-(4-Methyl)pyridylmethylsulfiriyl]-5-(2.2,3.3,4,4.4-heptafluorobutyloxy)lmidazo[4,5-b]pyridi (Example 
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30). 

2-t2-(3,5-Dimethyl)pyridylmethylsumnyI]-5-n-heptyloxylm!dazo[4,5-b]pyrldlne (Example 33). 
2-[2-(3,5-Dimethyl)pyridylmethylsuffinyl]-5-(3-methylbutyloxy)lmidazo[4,5-b]pyri^^ (Example 34). 
2-[2-(3.5-Dimethyl-4-methoxy)pyridyimethylsufflnyl]-6-(3-cyclopentylpropyloxy)imida2o[4,5- 

(Example 36). ^ 
(i) Storage stability 

The storage stability of the present compounds [I] was tested by allowing each test compound to stand 
under severe conditions (i.e.. a temperature of 60* C and a relative humidity of 750/o) for 8 days and then 
determining its percentage of residue according to a thin-layer densitometric method (Bunseki Kagaku, io 
Vol. 23. No. 9, p. 1016, 1974). More specifically, upon completion of the severe treatment, 100 ^g of each test 
compound was applied to a thin-layer plate and this plate was developed with a chloroform-ethanol mixture 
(volume ratio 10:1). The thin-layer plate used for this purpose was a TLC Plate Aluminum Oxide 6OF254 
(manufactured by Merck Co.; 0.25 mm in thickness and 20 cm x 20 cm in size), and it was developed over a 
distance of 15 cm. Then, using a Shimazu Two-wavelength Chromatoscanner CS-910 (manufactured by 15 
Shimazu Selsakusho), the resulting spot was analyzed at a wavelength of 300-315 nm. 

The results thus obtained are shown In Table 1 . For purposes of comparison, the percentages of residue of 
Omeprazole (at a measuring wavelength of 300 nm) and Compounds a and p (at a measuring wavelength of 
310 nm) were determined In the same manner as described above and are also shown In Table 1. 
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As is evident from Table 1 , it can be recognized that the present compounds [1] have much better storage 
stability than Omeprazole and Compounds a and p. 
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(ii) Inhibitory effect on (H+ + K+) ATPase 

The inhibitory effect of the present compounds [1] on (H+ + K+.) ATPase was tested by adding each test 
con\pound to a solution containing 300-500 p^, on a protein JDasis, of the enzyme, incubating this reaction 
mixture at 35-37** C for 5-30 minutes, andlher* determining the residual activity of (H+ + K+) ATPase present In 5 
the reaction mixture. The test compounds were dissolved in methanol or ethanol in advance and added to the 
reaction system In such an amount as to give a concentrEttion of 1 x 10-^ M. The (.H+ -I- K+) ATPase used in. 
this test was prepared from fresh pieces of the fundus venrtnculi of hog stomach according to the method of 
Saccomani et al. (The Journal df Biological Chemistry. Vol. ^1,:No. 23. p. 7690, 1976). The residual activity of 
(H+ + K+) ATPase was determined by mixing magnesium chloride and potassium chloride with the Incubated 10 
reaction mixture, adding adenosine triphosphate thereto, inoubating this assay mixture 37* C for 5-15 minutes 
to effect an enzymic reaction, and colorimetricaliy determining tlie liberated inorganic phosphate by use of an 
ammonium molybdate reagent. The Initial concerrtractions of magnesium chloride, potassium chloride and 
adenosine triphosprfiate were adjusted <to 2 mW. 20 m W and 2 mM, respectively, Colorimetric determinations 
were made at a wavelength of 360-400 nm. As a concert experimertt, the residual activity of (•H+ H- K+) ATPase is 
was determined by repeating the above-descrfbed procedure without adding any test compound to the 
reaction system. The results thus obtained are shown in Tatble 2. In this tstble, the Inhibitory effect is indicated 
by the degree of Inhibition which was obtained calculating the difference between the measured value 
obtained in the control experiment and the nrteasured value resulting from the addition of each test compound 
and expressing this difference as a percentage of the measured value obtained In the control experiment. For 20 
purposes of comparison, the inhibitory effect of Omeprazole and Compounds a and p on (H+ -f K+) ATPase 
was tested in the same manner as described above and ^thie results thus obtained are also shov^n in Table 2. 
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Table 2 
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As is evident from Table 2, it can be recognized that the in vitro inhibitory effect of the present compounds 
[II on (H+ + K+) ATPase is much better than that of Omeprazole and is comparable to that of Corhpounds a 
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and p. 

(iil) Inhibitory effect on gastric acid secretion 

The inhibitory effect of the present connpounds [I] on gastric acid secretion was tested by using nnale Wistar 
rats, weighing about 200 g, in groups of five, to these rats which had been fasted overnight, the test 5 
compounds were orally administered in a series of appropriately selected doses ranging from 1 to 100 mg/kg. 
Then, the pyloric end of the stomach was ligated. After the lapse of 4 hours, the total acidity of gastric juice of 
each rat was measured. More specifically, the test compounds were suspended in a 0.5o/o aqueous solution of 
carboxymethyt cellulose and administered to the rats 30 minutes before ligation. Gastric juice was collected by 
sacrificing and laparotomizing each rat. The total acidity of gastric juice was determined by titrating the gastric io 
juice v^h a 0.1 N aqueous solution of sodium hydroxide until a pH of 7.0 was reached. As a control experiment, 
the total acidity of gastric juice of an untreated group was determined in the same manner as described above. 
The inhibitory effect of the test compounds on gastric acid secretion was evaluated on the basis of the dose (in 
mg/kg) required to inhibit gastric acid secretion, i.e. the total acidity of gastric juice, by SOQ/o (hereinafter 
referred to as ED50). The ED50 value of each test compound was determined by calculating the difference in 15 
total acidity between the untreated group and each treated group, dividing the difference by the total acidity of 
the untreated group to obtain the degree of inhibition, and constructing a dosen^sponse curve on the basis of 
the data thus obtained. The results are shown in Table 3. For purposes of comparison, the ED50 values of 
Omeprazole and Compounds a and p were determined in the same manner as desoibed above and are also 
shown in Table 3. 20 
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As is evident from Table 3. it can be recognized that the present compounds [I] exhibit a more marked in 
65 vivo inhibitory effect on gastric acid secretion than Compounds a and p. 
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(Iv) Inhibitory effects on various experimental ulcers 

The Inhibitory effects of the present compounds [I] on various experimental ulcers were tested by using 
male Wistar rats, weighing about 200 g. In groups of six and determining the respective ulceration indexes for 5 
types of experimental ulcers. In each test, the test compounds were suspended In a 0.50/o aqueous solution of 5 
carboxymethyl cellulose and administered orally In a series of appropriately selected doses ranging from 1 to 
100 mg/kg. The test procedures for 5 types of experimental ulcers were as follows: 

(Shay's ulcer) 

In rats which had been fasted for 48 hours, the pyloric end of the stomach was ligated and they were 10 
maintained for 14 hours without giving any food or water. Then, each rat was sacrificed and the area of the 
ulcer(s) formed in the forestomach part was measured. The ulceration index was calculated on the basis of the 
data thus obtained. The test compounds were administered 30 minutes before ligation. 

(Water-immersion stress ulcer) 1^ 

Rats which had been fasted for 15 hours were immobilized in stress cages and immersed chest-deep in a 
water bath at 21**C. After 10 hours, each rat was sacrificed and the length of the ulcer(s) formed In the 
glandular stomach part was measured. The uiceration index was calculated on the basis of the data thus 
obtained. The test compounds were administered 10 minutes before exposure to the stress. 

(Hydrochloric acid-ethanol ulcer) 

To rats which had been fasted for 24 hours, a 150 mM hydrochloric acid-600/o ethano! rnixture was orally 
administered In an amount of 0.5 ml per 100 g of body weight. After an hour, each rat was sacrificed and the 
length of the ulcer(s) formed in the glandular stomach part was measured. The ulceration index was calculated 
on the basis of the data thus obtained. The test compounds were administered 30 minutes before 25 
administration of the hiydrociiloric acid-ethanol mixture. 

(Indomethacin ulcer) 

To rats which had been fasted for 24 hours, indomethacin was subcutaneously administered in a dose of 25 
mg/kg. After 7 hours, each rat was sacrificed and the length of the ulcer{s) formed in the glandular stomach 30 
part was measured. The ulceration index was calculated on the basis of the data thus obtained. The test 
compounds were administered 30 minutes before adminlstratk>n of indomethacin. 

(Aspirin ulcer) 

In rats which had been fasted for 24 hours, the pyloric end of the stomach was ligated. After 5 minutes. 35 
aspirin was orally administered thereto In a dose of 150 mg/kg. Seven hours after ligation, each rat was 
sacrifteed and the length of the ulcer(s} formed In the glandular stomach part was mefasured. The ulceration 
index was calculated on the basis of the data thus obtained. The test oompounds were administered 30 
minutes before ligation. 

The pharmacological effect of the test compounds on each of the aforesaid experimental uteers was 40 
evaluated on the basis of the dose (in mg/kg) required to Inhibit the formation of ulcers by SO^Vb (hereinafter 
referred to as ID50). The IDgo value of each test compound was determined by calcufatin the difference In 
ulceration Index between the untreated group and each treated group, dividing the difference by the ulceration 
index of the untreated group to obtain the degree of inhibition, and constructing a dose-response curve on the 
basis of the data thus obtained. The results are shown in Table 4. For purposes of comparison, the IDso values 45 
of Omeprazole and Compounds a and p were determined in the same manner as described above and are eUso 
shown In Table 4. 
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Table 4 



10 



15 



20 



55 



^^est compound 

Experi— 
mental ulcer 


Inhibitory effects on various 
experimental ulcers, ^^50 (mg/kg) 


Omeprazole 


Compound 
a 


Compound 
6 


Example 
1 


Shay's ulcer 


30.3 


100 or 

greater 


42.0 


11-0 


• 

Water— immersion 
stress ulcer 


39,7 


100 or 
greater 


63.3- 


26.4 


Hydrochloric acid- 
ethanol ulcer 


13.6 


63-3 


25.4 


5.1 


Indomethacin ulcer 


24.7 


78.4 


29.5 


12.9 


Aspirin ulcer 


17.2 


100 or 
greater 


23-8 


6.3 



30 



35 



40 



45 



SO 



55 



Test compound 



Experi- 
mental ulcer 



Shay's ulcer 



Wa te r— imme r s ion 
stress ulcer 

Hydrochloric acid- 
ethanol ulcer 

Indomethacin ulcer 



Aspirin ulcer 



Inhibitory effects on various 
experimental ulcers, ^^50 ^^^/^^^ 



Example 
8 



15.1 
34*2 

8.2 

18.8 
10.7 



Example 
13 



Example 
24 



17.4 
37.3 

9.6 

21.9 
14.5 



10.8 
27.0 

3.5 

13.1 
5.4 



Example 
26 



14.7 

30.5 

. 7.9 

15.8 
9.5 



Example 
33 



19.2 
35.1 

10.3 

23.2 
12.6 



60 



65 



As is evident from Table 4. it can be recognized that the present compounds [I] have a very good inhibitory 
effect on vairious types of ulcers. 
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(v) Toxicity test 

The acute toxicity (LD60) of several typical examples of the present compounds [I] (I.e., the compounds of 
Examples 1. 8, 13. 19, 24. 26 and 33) was tested with 5-weeks-old male Wistar rats. The LDso values of all 
compounds were greater than 4000 mg/kg in the case of oral administration, and greater than 500 mg/kg in the 
case of intraperitoneal administration. When Omeprazole was administered orally. Its LDeo value was greater 

than 4000 mg/kg. ^ ^„ . ♦ w 

In consideration of the results of the above-described tests, the present compounds [I] may be said to be 
potent drugs useful for the treatment of gastric and duodenal ulcers and scarcely susceptible to inactlvation 

during storage. . . l ^' ' . ^ ■ 

The present compounds [I] can be admixed with conventional pharmaceutical carriers to form vanous types 
of phamiaceutical compositions including solid preparations such as tablets, capsules, granules, powders, 
fine granules, etc., and liquid preparations such as injectable solutions, syrups, elixirs, suspensions, 
emulsions, etc. Solid preparations may be coated so as to provide them wfth enteric coatings. Liquid 
preparations may be made by reacting one of the present compounds [I] with an alkal! to form a physiologically 
acceptable salt thereof and then dissolving this salt in water, or by dissolving one of the present compounds [I] 
in an aqueous solution of an alkali. The ptiannaceutlcal carriers used for these purposes may be selected 
according to the desired dosage form. Examples of the pharmaceutical canlers include exciplents, binders 
and dlsintegrants. such as com starch, dextrin, a-, p- or Y-cyclodextrin,., glucose, lactose, sucrose, 
methylcellulose. ethylcellulose. calcium carboxymethylcellulose, crystiaHlne cellulose, magnesium stearate, 
sodium alginate. \A«tepsoi W35. Witepsol E85, polyvinyl alcohol, synthetic aluminunri sfficate. etc.; lubricants 
and coating agents such as talc, waxes, hydroxypropyl cellulose, hydroxyprppyl methylcellulose. hydroxyethyl 
methylcellulose, cellulose acetate phthalate, hydroxypropyl methylcellulose phthalate, polyvinyl alcoho| 
phthalate styrene-maleic anhydride copolymer, polyvinyl acetal diethylaminoacetate. etc; soli)bi!izing agents 
such as glycerol, propylene glycol, mannltol. etc.; emulsifying or suspending agents such as polyoxyethylene 
stearate. polyoxyethylene cetyl alcohol ether, polyethylene glycol, polyvinyl pyn-olidone, etc.; stabilizers such 
as sorbitol. Tween 80, Span 60. fats and oils, etc.; and various soh/ents. 

The dosage level of the present compounds [I] varies with the age of the patient, the severity of the disease, 
and the like. However, they are usually used In a daily dose of 0.5 to 2000 nrtg, preferably 3 to 200 mg, for aidults. 
This daily dose may be administered in one to six divided doses, preferably In one to three divided dosies. 

The present invention is further iUustrated by the following Reference Examples and Examples. The 
Reference Examples Illustrates the preparation of sulfide compounds [11]. 

Reference Example A 

1.81 g (0.01 mole) of 2-mercapto-5-methoxylmidazo-[4,5-b] pyridine and 1.92 g (0.01 mole) of 
2-chloromethyl-3.5-dlmethylpyridlne hydrochloride were added to 100 ml of ethanol containing 1.12 g (0.02 
mole) of potassium hydroxide, and this mixture was heated under reflux for 2 hours. Upon cooling to room 
temperature, the resulting reaction solution was filtered to remove any Insoluble matter, and the filtrate was 
concentrated under reduced pressure. The resulting reskJue was dissoked In 500 ml of chlprofonn, arid this 
solution was washed with water, dried over anhydrous sodium sulfate and then evaporated to dryness under 
reduced pressure. The resulting residue was subjected to silica gel column chromatography using chloroform 
as the developing solvent. Thus, there was obtained 2.20 g (73.30/o yield) of 2-I2-(3.5-dimethyl)-pyridylme^ 
thylthio-6-methoxyimidazo[4,5-b]pyridine in the form of coloriess crystals having a melting point of 175-176** C. 

The following 24 compounds were prepared In substantially the same manner as described above, except 
that the 2.mercapto-5-methoxylmidazo[4.5-b]pyridine was replaced by 0.01 mole of each of the con-esponding 
thiol compounds [III] and the 2-chloromethyl-3.5-dimethylpyridine hydrocholoride was replaced by 0.01 mole 

of each of the corresponding pyridine compounds [W]. ..ccor* 
2-[2-(3,5-Dimethyl-4-methoxy)pyridylmethylthio]-5-methoxyimldazo[4,5-b]pyridlne, m.p.^ 154-155 C. 

2-[2-(3i4.5-Trimethyl) pyridylmethylthio]-5-methoxyimldazo[4,5-bl pyridine, m.p. 1 50-1 51 " C. 
2-[2-(4-Methoxy-5-methyl)pyridylmethylthlo]-5-methoxyimidazo[4.5-b]pyridlne, m.p. 160-162^ C. 
2-[2-(4-Methyl)pyridylmethylthlo]-5-methoxylmidazo-[4.5-b]pyridlne. m.p. 134-137*C. 
2-[2-{3.5-Dimethyl)pyridylmethylthio]-6-methoxyimidazo[4.5-b]pyridine. glassy material. 
2-[2-(4-Methoxy-5-methyl)pyridylmethylthio]-7-methoxyimida2o[4.5-b]pyridine. glassy^ material. 
2-[2-(3.4,5-Trimethyl)pyridylmethylthio]-5-ethoxyimidazo[4,5-b]pyridine. m.p. 1 27-1 28° C. 
2-[2-{3,4.5-Trimethyl)pyridylmethylthiol-7-ethoxyimidazoI4,5-b]pyridine. m.p. 132-136° C. ^ 
242-(3,5-Dimethyl)pyridylmethylthio]-5-feopropytoxyimida2ol4,5-b]pyridine, m.p. 159-160° C. 
2-[2-(4-Methyl)pyridylmethylthlol-6-sec4)Utyloxyimlda2o[4.54>]p^ glassy material.^ 
2-[2-(3,4.5-Trimethyl)pyridylmethylthio-5-n-butyloxylmldazo[4,5-b]pyridine, m.p. 119-120°C. 
2-l2-(4-Methoxy-5-methyI)pyridylmethylthio]-5-cyclopropylmethyloxylmldazo[4,5-b]pyridlne. m.p. 159-161°C. 

2-[2-(3,5-Dimethy!)pyridylmethylthio]-5-ethoxyimlda2o[4.5-b]pyridine. m.p. 146-147*0. 
2-[2-(3,5-Dimethyl-4-methoxy)pyridylmethylthiol-5-isopropyioxylmidazo[4.5-b]pyridine, m.p. 1^133** C. 
2-[2-(4-Methoxy-5-methyl)pyridylmethylthlol-5-isopropyloxyimidazo[4,5-b]pyridlne, m.p^92-94°C. 
2-[2-(4-Methoxy)pyridyimethylthio]-5-isopropyioxyimida2o[4.5-b]pyridine. m.p. 134-136''C. 
2-[2-(3,5-Dlmethyl)pyridylmethylthio]-5-n-propyloxyimidazo[4,5-b]pyridlne. m.p. 116-1 17° C. 
242-(3,5-Dimethyl)pyridylmethylthiol-5-isobutyloxyimidazol4,5-blp^ m.p. 139-141° C. 
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2-[2-(3,5-Dimethyl-4-methoxy)pyridyImethyIthio]-5-isobutyloxyimida2o[4,5-b]py^ m.p. 132-135'*C. 
2-[2-(4-Methoxy-5-methyl)pyrldylmethylthio]-5-lsobutyloxyimida2o[4,5-b]pyridm m.p. 153-164**C. 
2-[2-(4"Methoxy)pyridylmethyIthio]-5-isobutyloxyimidazo[4,5-b]p m.p. 1 19-122° C. 

2-[2-(3,5-Dimethyl)pyridy!methylthio]-5-cyclopropylmelhyloxyimid^^ m.p. 126-128''C. 

5 2-[2-(3,5-DimethyI-4-methoxy)pyridyImethylthio]-5-cyclopropylmethyloxyi 
m.p. 160-153°C. 

2-[2-(4-Methoxy)pyridylmethylthio]-5-cyclopropylmethyloxyimidazo[4,5-b]pyridine, m.p. 115-117° C. 
Reference Example B 

10 2.50 g (0.01 mole) of 2-mercapto-5-(2,2,2-trlfluoroethoxy)imidazo[4,5-b]pyridlne and 2.22 g (0.01 mole) of 
2-chtoromethy!-4-methoxy-3,5-dimethylpyridine hydrochloride were added to 100 ml of ethanol, and this 
mixture was stirred at 60** C for 2 hours. After the resulting reaction solution was concentrated under reduced 
pressure, 150 ml of a saturated aqueous solution of sodium hydrogen carbonate was added to the residue. 
This mixture was stirred and then extracted with 300 ml of chloroform. The extract thus obtained was dried 

15 over anhydrous sodium sulfate and then evaporated to dryness under reduced pressure. The desired fM-oduct 
was isolated and purified by subjecting the resulting residue to silica gei column chromatography using a 50:1 
mixture of chloroform and ethanol as the developing solvent Thus, there was obtained 3.25 g (81.5«Wo yield) of 
2-[2-(3.5-djmethyl-4-methoxy)pyridylmethylthio]-5-{2,2,2-trif)uoroethoxy)-imidazo[4,5-b]pyridine in the form of 

colorless crystals having a melting point of 178-1 SO'^C. 

20 The following 11 compounds were prepared in substantially the same mauiner as described above, except 
that the 2-mercapto-5-(2,2.2-trifluoroethoxy)imidazo[4,5-b]pyridine was replaced by 0.01 mole of each of the 
corresponding thiol compounds [HI] and the 2-chloromethyl-4-methoxy-3.5-dimethylpyridine hydrochloride 
was replaced by 0.01 mole of each of the corresponding pyridine compounds [IV]. 
2-[2-{3.5-D!methyl) pyridylmethylthio]-5-(2,2,2-trif!uoroethoxy)imidazo[4.5-b]pyridine, m.p. 1 73-1 74^ C. 

25 2-[2-(3.4,5-TrimethyI)pyridy!methyIthioI-6-(2.25-trifluoroethoxy)imldazo[4.5-b]pyn^ m.p. 145-148^ C. 

2-[2-(4-Methoxy-5-methyl)pyridylmethylthio]-7-(2,2.2-trifluoroethoxy)imidazo[4.5-b]pyridine, m.p. 157-159**C. 
2-[2-(4-Methyl)pyridylmethyIth!o]-5-(2,2,3,3,4,4.4-heptafluorobutyloxy)imidazo[4,5-b]pyrid^^^ glassy material. 
2-[2-(3.5-Dimethyl) py ridylmethy lthio]-5-n-pentyloxyimidazo[4,5-b] pyridine , m.p. 1 01-1 03** C. 
2-[2-(3.4,6-Trimethy!)pyridylmethylthio]-6-n-hexyloxyimida2o[4,5-b]pyridine, m.p. 96-99** C. 

30 2-[2-(3,5-DimethyI)pyridylmethylthio]-5-n-heptyloxyimidazo[4.5-b]pyridine. m.p. il9-120°C. 

2-[2-(3,5-Dimethyl)pyridylmethylthio]-5-(3-methylbutyloxy)imidazo[4,5-blpyridine, m.p. 101-104°C. 
2-[2-(4-Methoxy-5-methyl)pyridylmethylthio]-7-(2,4,4-trimethylpentyloxy)lm glassy ma- 

terial. 

2-[2-(3.5-Dimethyl-4-methoxy)pyridylmethylth!oJ-6-(3- cyclopentylpropyloxy)lmida20[4,5-b]pyridine, glassy 
35 material. 

2-[2-(4-Methyl) pyridy!methylthio]-7-cyclohexylmethyloxyimlda2o[4,5-b]pyridtne, glassy material. 
Example 1 

1.50 g (0.005 mole) of 2-[2-(3.5-dimethyl)pyridylmethylth!0]-5-methoxyimidazo[4,5-b] pyridine was dissolved 
40 in 150 ml of chloroform. To this solution was slowly added 0.86 g (0.005 mole) of m-chloroperbenzoic acid at 
0-5° C, followed by stining at that temperature for 10 minutes. While the resulting reaction solution was being 
kept at 0-5° C, 30 ml of a 5o/o aqueous solution of sodium hydrogen carbonate was injected thereinto and 
mbced therewith. Thereafter, the chloroform layer was separated, dried over anhydrous sodium sulfate, and 
then evaporated to dryness under reduced pressure. The resulting residue was recrystallized from ethyl 
4$ acetate to obtain 1 .1 8 g (74.70/o yield) of 2-[2-(3,5-dimethyl)pyridylmethylsulfinyll-5-methoxyimldazo[4.5-b]py- 
ridine In the form of coloriess crystals. This product had a melting point of 175-177* C. 
Infrared absorption spectrum (KBr, cm-^): 1060(3=0). 

Analysis: 

SO Calcd. for C15H16N4O2S (o/o) C, 56.94; H. 5.10; N, 17.71 
Found (0/0) C, 57.03; H. 5.04; N, 17.82 

Examples 2-37 

The compounds listed in Table 5 were prepared in substantially the same manner as described in Example 1, 
55 except that the 2-[2-(3.5-dimethyl)pyridylmethylthio]-5-methoxyimidazoI4.5-b]pyridine (0.005 mole) was 
replaced by each of the corresponding sulfide compounds [11] (0.005 mole), and the reaction temperature and 
the reaction time were suitably modified. These compounds were obtained In a yield ranging from 72.4o/o to 
90.80/0. 
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Elemental analysis 
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Now, the preparation of several pharmaceutical compositions containing the present compounds [1] will be 
described hereinbeiow. 
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% by weight 


(1) 


Compound of Example 1 


25.0 


(2) 


Lactose 


41-.0 


(3) 


Corn starch 


15.0 


(4) 


Crystalline cellulose 


15.0 


(5) 


Hydroxypropyl cellulose 


3.0 


(6) 


Maqnesium stearate 


1.0 


100.0 



10 



15 



The above ingredients (1)*(5) were biended together. After the addition of water, the resulting mixture was 
granulated and then dried. The granules so formed were adjusted to a predetermined size range, and the 
ingredient (6) was added thereto. The resulting mixture was compressed to form tablets each containing 100 
mg of the active ingredient. 
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(Capsules) 







% by weight 


(1> 


Compound of Example 24 


25.0 


(2) 


Lactose 


50.0 


(3) 


Corn starch 


20.0 


(4) 


Hydroxypropyl cellulose 


3.0 


(5) 


Synthetic aluminum silicate 


1.0 


(6) 


Magnesium stearate 


1.0 


100.0 



25 



30 



35 



According to conventional procedure, the above ingredients were blended together and then granulated. 
The granules so formed were filled into capsules, each of which contained ICQ mg of the active ingredient. 
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Claims 



45 



1 . An imidazo[4.5-b]pyridine compound of the general formula 




so 



55 



where R"* is a straight-chain or branched alkoxy group of 1 to 8 carbon atoms (which may be substituted 
with a cycloall<yl group) or a fluoroalkyloxy group of 2 to 4 carbon atoms. R2 is a hydrogen atom, a methyl 
group or a methoxy group, and R3 and are each a hydrogen atom or a methyl group and may be the 
same or different. 

2. A compound as claimed in claim 1 wherein the straight-chain or branched all<oxy group is selected 
from the group consisting of methoxy, ethoxy. isopropyfoxy, n-propyloxy, sec-butytoxy, isobutyloxy, 
n-butyloxy. n-pentyloxy, 3-meihylbutyloxy, n-hexyloxy, n-heptyloxy, 2,4,4-trfmethylpentyloxy, oyclopro- 
pylmethyloxy, 3-cyciopentylpropyk>xy and cyclohexytmethyloxy, or the fluoroalkyloxy group is selected 



60 
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from the group consisting of 2,2,2-trif luoroethoxy and 2,2,3,3.4.4.4-heptafluorobutyloxy. 

3. A compound as claimed in either of claims 1 and 2 wherein the substituted pyridyl group represented 
by the general formula 




is selected from the group consisting of 2-(3,6-dimethyl)pyridyl. 2-(3.5-dimethyl-4-methoxy)pyndyl. 
2-(3,4.5-trimethyI)pyridyl, 2-(4-methO)Qr-5-methyn pyridyl, 2-(4-methoxy)pyridyl and 2-(4-methyl) pyridyl. 

4, A compound as clsumed in claim 1 which is any one of the following compounds, 
2-[2-(3.5-dimethyl)pyridylmethylsu!finyI]-5-methoxyimidazo[4,5-b]pyridlne, 
2-[2-(3,5-dimethyl-4-methoxy)pyridylmethylsulfinyl]-5-methoxyimidazo[4.5-b]pyridine, 
2-[2-(3!4,5-trimethyl)pyridylmethylsulfinyl]-5-methoxyimidazo[4,5-b]pyridine. 
2-[2-{4-methoxy-5-methyl)pyridylmethylsulfinyl]-5-methoxyimida2o[4.5-b]pyridine. 
2-[2-(4-methoxy-5-methyl)pyridylmethylsulfinyFl-7-methoxyimidazo[4.5-b]pyridine, 
2-[2-(3,4,5-trimethyI)pyridylmethylsulfinyl]-5-ethoxyimidazo[4,5-b)pyridine, 
2-[2-(3.5-d1methyl)pyridylmethylsulfinyl]-5-isopropyloxyimidazot4,5-b]pyridine. 
2-[2-(3,4,5-trimethyl)pyridylmethylsulfinyll-5-n43utyloxyimldazo[4,6-b]pyridine, 
2-[2-(4-methoxy-5-methyl)pyridylmethylsulfinyQ-5-cyclopropylmethyloxyimidazo[4,^^ 
2-[2-(3,5-dimethyl)pyridylmethylsuffinyll-5-ethoxyjmidazo[4,5-b]pyridine, 
2-[2-(3.5-dimethyl-4-methoxy)pyridylmethyIsulfinyl]-5-isopropyloxylmidazol4.5-b]pyridine. 
2-[2-(4-methoxy-5-methyl)pyridylmethyIsumnyn-5-isopropyloxyimidazo[4,5-b]pyridine. 
2-[2-(4-methoxy)pyridylmethylsulfinyll-5-lsopropyIoxyimidazo[4,5-b]pyridlne. 
2-[2-(3.6-dimethyl)pyridylmethylsulfinyl]-5-n-propyloxyimidazo[4,5-b]pyridine, 
2-[2-(3.5-dimethyl)pyridylmethyIsulfinyl]-5-lsobutyloxyimidazo[4,5-b]pyridin^ 
2-[2-(3,5HdimethyI-4-methoxy)pyridylmethylsumnyIh5-isobutyloxyimidazo[4,5-b]py^ 
242-(4^methoxy-6-methyI)pyridylmethyIsu!finyn-5-isobutyloxyimidazoK5^ 
2-[2-(4-methoxy)pyridylmethylsulfinyl]-5-isobutyloxyimidazo[4,5-b]pyridine. 
2-[2-(3,5-dlmethyl)pyridylmethylsuffinyl]-5-cyclopropyJmethoxyimidazo[4,5-b]pyridine 
2-[2-(3,5-d!methyl-4-methoxy)pyridylmethylsumnyll-5H3yclopropylmethyloxyimidazo[4,^^ 
2-[2-(4-methoxy)pyridylmethylsuffinyll-5-cyclopropylmethyloxyimida2ol4,6-b]pyrid!ne. 
2-I2-(3,5-dimethyl-4-methoxy)pyridylmethylsu!f!nyl]-5-(2,2,2-trffluoroethoxy)imjdazo[4.^^^ 
2H2-(4-methyl)pyridy!methy!sutfinyI]-5-{2.2.3,3,4.4,4-heptafluorobutyloxy)imida20[4,5-b]py^^^ 
2-[2-(3,5-dimethyI)pyridylmethylsulfiny!]-5-n-heptyioxyimidazo[4.5-b]pyrldine. 
2-[2-(3,5Kiimethyl)pyridylmethylsulfinyl]-5-(3-methylbutyloxy)imidazot4,5-blpyridine or 
2-t2-(3.5Kiimethyl-4-methoxy)pyridylmethyfsumnyl]H6-(3-cydopentylpropy!oxy)imidazoI4,^^ 

5. A process for preparing an imidazo[4,5-b]pyridine compound of claim 1 wherein a sulfide compound 

of the general fornujla 




where . R2, R3 and R* are as defined in claim 1 is oxidised in the presence of a solvent and with the aid 
of an oxidising agent. 

6. A sulfide compound of the general formula 
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where is a straight-chain or branched alkoxy group of 1 to 8 carbon atoms (which may be substituted 
with a cycloalkyi group) or a fluoroalkyloxy group of 2 to 4 carbon atoms, R2 is a hydrogen atom, a methyl 
group or a methoxy group, and R3 and R^ are each a hydrogen atom or a methyl group and may be the 
same or different. 

7. A compound as claimed in cl£um 6 which is any one of the following compounds, 
2-[2-(3,5-dimethyl)pyridylmethylthio]-5-methoxyimldazo[4.5-b]pyridine, 
2-[2-(3,5-dlmethyl-4-methoxy)pyridylmethylthio]-5-meth6xyimidazo[4.5-b]pynd!ne, 
2-[2-(3.4.5-trimethyl) pyridy Imethylthio] -5-methoxyimida2o[4,5-b] pyridine , 
2-[2-(4-methoxy-5-methyl)pyridylmethylthlo]-5-methoxyimidazo[4.5-b]pyrldine. 
2-t2-(4-methyl)pyridylmethylthio]-5-methoxyimida2o[4.5-b]pyridine. 
2-[2-(3.5-dimethyl)pyridylmethylthio]-6-methoxyimida2ot4.5-b]pyrid!ne, 
2-I2-(4-methoxy-5-methy!)pyridytmethylthio]-7-methO)cyimkia2o[4.64)]pyridl^ 
2-I2-(3.4.5-trimethyl)pyridyImethylthio]-5^thoxylmida2o[4,5-b]pyridlne, 
242-(3,4,6-trimethyl) pyridylmethylthio]-7-^thoxyimida2o[4.54)i py^^^ 
2-[2-(3.6-dlmethyl)pyridylmethylthlo]-S-isopropyloxyjmidazo[4.5-b]pyrldine. 
2-[2-(4-Tnethyl)pyridylmethylthio]-5-SBc-butyloxyimlda20[4.5-b]pyridlne. 
2-[2>(3,4.5-trimethyI)pyridylmethylthio]-5-n-butyloxylmida2o[4,5-b]pyridine, 
2-[2-(4-methoxy-5-methyl)pyridylmethylthlo]-5HcydopropyImethyloxyimidazo[4,5-^ 
2-[2-(3.5-dimethyl)pyridylmethylthio]-5-ethoxyimidazo[4.5-b]pyridine, 
2-[2-(3,5-dimethyl-4-methoxy)pyridylmethylthio]-5-isopropyloxyimldazo[4.5-b]pyrfdine, 
2-[2-(4-methoxy-5-methyl)pyridylmethylthlo]-5HSopropy!oxyimidazo[4.5-b]pyridine, 
2-[2-(4-methoxy)pyridylmethytthio]-5-isopropyloxyimidazoI4,5^]pyr!dine, 
2-[2-(3,5KlimethyI)pyridylmethylthio]-5Hvpropyloxyimlda2o[4,5-blpyridtf^^^ 
2-[2-(3,5Kjlmethyl)pyr1dylmethytthio]-54sobutyloxyimy 
2-[2-(3,5KJImethyM-methoxy)pyridylmethylthlo]-5Hsob^ 
2-[2-(4-methoxy-5HTiethyl) pyridylmethylthlo]-5-isobutyloxyimida2o[4.5-b] p^ 
2-[2-(4-methoxy)pyridyImethyIthio]-5-lsobutyloxyimida2o[4.5-b)pyridine. 
2-[2-(3,5-dimethyl)pyridy!metfiytthio]-5K:ycloprorpylmethyloxyimida20^^ 
2«[2-(3,5-dimethyl-4HTiethoxy)pyridylmethyrthio]-5-cyclopropy!methyloxyfmida2o[4,^^ 
2-[2-(4-methoxy ) pyridylmethylthio]-5-cyclopropytmethyloxylmidazo[4,5-b] pyridine. 
242-(3.5Hiimethyl-4-methoxy)pyridylmethylth]o]-M2,2,2-trffluoroeth^ 
2-[2-(3,5-dimethyl)pyridylmethylthio]-^(2,2^-trifluoroethoxy)lmldazo[4.54) 
2-12-(3,4.5-trimethyl)pyridylmethylthlo]-^(2,2.2-trifluoroethoxy)lmld 
2-[2-(4-methoxy-5HTiethy!)pyridylmethylthio]-7-(2ji2-trffluoroethoxy)imldazo[^ 
2-I2-(4^ethyl)pyridylmethylthlo]-5-(2.2.3,3.4A4-heptafluorobutyloxy)imida2o[4,5-b^ 
2-[2-(3.5-<limethyl)pyridylmethylthio]-5-rH>entyIoxyimida2o[4,5-b]p^ 
2-[2-(3.4.5-trimethyI)pyridylmethylthlo]-6-n-he)cyIoxyimidazo[4,5-b]pyridine, 
2-t2>(3.5-dimethyl)pyridylmethylthio]-5-n-heptyloxyimida20[4,5-b]pyridi^ 
2-t2-(3.5Hdimethyl)pyridyImethylthio]-5-(3-methylbutyloxy)imidaz^ pyridine, 
2-[2-(4-methoxy-^-methyI)pyridylmethytthlo]-7-(2.4,4-trimethyIpentyloxy)imW 

2-[2-(3.5-dimethyl-4-methoxy)pyridylrnethynhio]-6-{3K:ydopentylpropyto or 
2-[2-(4-methyl)pyridylmethytthio]-7-cydohexylmethyloxyimldazo[4,6-b]pyri 

8. A pharmaceutical composition comprising an imldazo[4,5-b] pyridine compound of claim 1 . 

9. A pharmaceutical composition as claimed in claim 8 where the irnldazo[4.5-b]pyridine compound of 
claim 1 is selected from the group consisting of 

2-[2-(3.5-dinfTethyl) pyridylmethylsulfinyl]-5-methoxyimida2oI4.5-b] pyridine, 

2-[2-(3,5-dimethyl-4-methoxy)pyridylmethylsuffinyl]-5-methoxyimldazo[4,5-b]pyridlne, 

2-[2-(3.4,5-trimethyl)pyridyImethylsumnyl]-5-methoxyimida20[4,5HD]pyridlne, 

2-I2-(4^ethoxy-5-methyl)pyridyimethylsulfinyO-5-methoxyimida2oI4,5-b]p 

2-[2-(4-methoxy-5-methyI)pyridylmeth>^suffinyl]-7HT)ethoxyimidazo[4,5-blpy^^ 

2-t2-(3.4.5-trimethyi)pyridylmethylsul^yl]-5-ethoxyimlda2oI4.5«b]pyridine, 

2-[2-(3.5-dimethyl)pyridylmethylsulfinyl]-5HSoprop>1o)cyimldazo[4,5-b]p^ 

2-[2-(3,4,5-trimethyl)pyridylmethylsulflnyn-5-n-butylo)cy^ 

2-t2-(4-methoxy-^HTietfiyl)pyridylmethyteumnyll-5-cycIopropyl^ 

2«[2-(3.5-dimethyl)pyridylmethylsuffinyl]'5-ethoxyimlda2o[4,5-b]pyridine, 

2-I2-(3,5<llmethyl-4-methoxy)pyridylmethylsumhyl]-5Hsopropyloxyimldazo[4.5^D]py^ 

2-[2-(4-methoxy-5-methy!)pyridylmethyisumnyn-5-isopropyloxyirnida2oI4,5-b]pyrid4ne^ 

2-[2-(4-methoxy)pyridyln^thylsulfinyf]-5-isopropyloxylmida2o[4.5-b]pyridine, 

2-[2-(3.5-dimethyl)pyridylmethylsu}finyl]-'5-n-propyloxyimida2ot4,^^ 

242-(3.5-dlmethy()pyridylmethylsumnyI]-Wsobutyloxyimida20[4,64>]p^^ 

2-[2-(3,5-dlmethyl-4^ethoxy)pyridylmethylsumnyl]-5-isobutyloxyimida20[4.54)lp^ 

2K2-(4-methoxy-&-methyl)pyridylmethylsulfinyl]-6- isobutyloxylmida2o[4.54>]pyridine, 

2-[2-(4-methoxy) pyridylmethy!suffinyl]-5-isobutyloxyimidazo[4,5-b]pyrldlne, 

242-(3,5KJlmethyl)^pyridylmethylsuffinyl]-5-cycIopropylmethyloxyimldazo[4,6-bl 

2-[2-(3.5-dime.thyl-4-methoxy)pyridylmettiylsuifinyI]-5-cyclopropylmethyloxyimid^ 
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2-(2-(4-methoxy)pyridylmethylsulfinyl-5-cyclopropylmethyloxyimldazo[4,^^ 

2-[2-(3,5-dimethyM-methoxy)pyridylmethylsulfinyl]-5-(2,2.2-trifluoroeth^ 

2-[2-(4-methyl)pyridylmethylsuIfinyl]-5-(2,2,33.4,4,4-heptafluorobutyloxy)imidazo[4,^ 

2-{2-(3,5-dimethyI)pyridylmethylsulfinyI]-5-n-heptyIoxyimidazo[4,5-b]pyridine, 

2-[2-(3,5-dimethyl)pyridylmethylsulfinyl]-5-(3-methylbutyloxy)i^ 

2-I2-(3,5-dimethyM-methoxy)pyridylmethylsulflnyI]-6-(3-cyclopenty!propyloxy)im^ 

10. The use of a compound as claimed in any of claims 1 to 4 for the manufacture of a medicament for the 
treatment of gastric and/or duodenal ulcers. 

Claims for the following contracting states: Spain, Austria and Greece 

1 . A process for preparing an lmidazo[4,5-blpyridine compound of the general formula 
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where R** Is a straight-chain or branched alkoxy group of 1 to 8 carbon atoms (which may be substituted 
with a cycloaikyi group) or afluoroalkyloxy group of 2 to 4 carbon atoms, is a hydrogen atom, a methyl 
group or a methoxy group, and and R^ are each a hydrogen atom or a methyl group and may be the 
same or different, wherein a sulfide compound of the general formula (I) 
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(where R^ R^, R^ and R^ are as previously defined) is oxidised in the presence of a solvent and with the 

aid of an oxidizing agent. 

2. A process as claimed in claim 1 wherein the compound of formula (I) is obtained by condensing a 
thiol compound of general formula (il) 




SH 



(II) 



(wherein Ri is as defined In claim 1 ) with a pyridine compound of general formula (III) 
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(III) 
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(wherein R2, R3 and R"* are as defined in claim 1 ) in a solvent, optionally in the presence of a base. 

3. A process as claimed in claim 2 wherein the pyridine compound of formula (111) is used in an amount 
equimolar to the thiol compound of formula (11) and, if present, the base is used in an amount of 2.0 to 3.0 
moles per mole of the thiol compound, the condensation reaction being carried out at a temperature of 
from 10 to 200*" C for a period of from 1 minute to 12 hours; and thereafter the oxidizing agent is used in a 
amount of 1.0 to 1.3 moles per mole of the sulfide compound obtained, and the oxidation reaction is 
carried out at a temperature of from -70 to 30° C for a period of from 1 minute to 24 hours. 
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4. A process as claimed in claim 2 or claim 3 where the solvent for the condensation step is selected 
from the group consisting of methanol, ethanol. propanol, butanot dimethytformamide, dimethyl 
sulfoxide, water and mixtures of two or- more such solvents, and the solvent for the oxidation step Is 
selected from the group consisting of chloroform, tetrachloroethane, methanol, ethanol, butanol and 
mixtures of two or more such solvents. 

5. A process as claimed in any of claims 2 to 4 where the base Is selected from the group consisting of 
sodium hydrogen carbonate, sodium carbonate, potassium carbonate, sodium hydroxide and potassium 
hydroxide. . 

6. A process as claimed in any preceding claim where the oxidizing agent is selected from the group 
consisting of m-chloroperbenzoic acid, perbenzoicacid and peracetic acid. 

7. A process as claimed in claim 1 where the straight-chain or branched alkoxy group is selected from 
the group consisting of methoxy, ethoxy, isopropyioxy. n-propyloxy. sec-butyloxy. Isobutyloxy. 
n-butyloxy, n-pentyloxy, 3-methyfbutyloxy, n-hexyloxy. n-heptyioxy. 2,4.4-trimethylpentyloxy, cyclopro- 
pylmethyloxy. 3-cyclopentylpropyloxy and cyclohexylmethyloxy, or the fluoroalkyloxy group is selected 
from the group consisting of 2,2,2-trifluoroethoxy and 2.2,3,3,4,4,4-heptafluorobutyioxy. 

8. A process as claimed in claim 1 where the substituted pyridyl group represented by the general 
formula 



is selected from the group consisting of 2-(3,5<limethyl)pyridyl, 2-(3,5-dimethyl-4-methoxy)pyridyl, 
2-(3.4,5-trimethyl)pyridyi, 2-(4-methoxy-5-methyl)pyridyl, 2-(4-methoxy)pyridyl and 2-(4-methyl) pyridyl. 

9. A process as claimed in claim 1 where the lmlda2o[4,5-b]pyrldine comipound Is selected from the 
group consisting of ' 

2-[2-{3.5-dlmethyl)pyridylmethyIsumnyl]-5-methoxyimidazo[4.5-b]pyridine. 

2-[2-{3,5Hjimethyl-4-methoxy)pyridylmethylsulflnyl]-5-methoxyimidazo[4,5-b]pyridin 

2-[2-(3.4,5-trimethyI)pyridylmethylsuffinyl]-5-methoxyimidazo[4,5-b]pyridine. 

2-[2-(4-methoxy-5-methyl)pyridylmethylsulfinyI]-5-methoxyimida20[4,5-b]pyridine, 

2-[2-(4-methoxy-5-methyl)pyridylmethylsumnyli-7-methoxyimidazo[4,5-b]pyridine 

2-[2-(3,4,5-trimethyl)pyridylmethylsulfinyl]-5-ethoxyimldazo[4,5-b]pyridine, 

2-[2-(3,5Kfimethyl)pyridylmethylsulfinyl-5Hsopropyloxyimidazo[4.5-b]pyridi^ 

2-[2-(3A5-trimethyl)pyridylmethylsulfinyl]-5-n-bu^03cy!mida2o[4,5-b]pyri 

2-[2-{4-methoxy-5-methyl)pyridylmethylsumnyn-5-cyclopropylmethyloxyimldazo[4.6-b]pyrid^ 

2-[2-{3,5-dlmethyl)pyridylmethylsulfihyl3-5-ethoxyimidazo[4,5-b]pyridine. 

2-[2-(3.5-dimethyl-4-methoxy)pyridylmethyIsumnyl]-5-isopropyloxyimidazo[4.5^ 

2-[2-(4-methoxy-5-methyl)pyridylmethylsumnyl]-5-isopropyloxyimidazo[4,6-b]pyridine, 

2-[2-(4-methoxy)pyridylmethylsulfinyl]-5-isopropyloxyimidazo[4.5-b]pyridine, 

2-[2-(3,5-dimethy1)pyridylmethylsulfinyl]-5-n-propyloxyimidazo[4.5-b]pyridlne, 

2-I2-(3.5-dimethyl)pyridyimethylsulf!nyl]-5-isobutyloxyimldazo[4,5-b]pyr1dine. 

2-[2-(3,5Hiimethyl-4-methoxy)pyridylmethylsulfinyl]-5^sobutyloxyimldazo[4,^^^ 

242-(4-methoxy-5-methyl)pyridylmethylsulfinyQ-5>lsobutyloxyimidazo[4,5-bIpyrid^ 

242-(4-methoxy)pyridy1methylsulfinylJ-5-isobutyloxylmidazo[4,6-b]pyridine, 

2-[2-(3,5-dimethyI)pyridylmethylsumnyl]-5-cyclopropylmethyloxyimida2oI4.54)]pyridine. 

2-[2-(3,5-dlmethyl-4HTiethoxy)pyridylmethylsulflnyi]-5-cyclopropylmethyioxyimidazo[4.5-blpy^ 

2-[2-(4-methoxy)pyridylmethylsulfinyn-5-cyclopropylmethyloxyimida2ot4.5-b]p^ 

2-[2-(3.5-dlmethyl-4-methoxy)pyridylmethylsulfin>d]-6-(2.2,2-trifluoroethoxy)imldazoI4;^^^ 

2-[2-(4-methyI)pyridylmethylsumnyl]-5-(2.2,3.3,4,4.4-heptafluorobutyloxy)imlda2o[4.6-b]pyri^ 
2-[2-(3,5-dimethyl)pyridylmethylsulf!nyl]-5-n-heptyloxyimidazo[4.6-b]pyridlne, 
2-f2-(3,6Hdimethyl)pyridylmethyIsumnyn-5-(3-methylbutyloxy)lmidazo[4,5-b]pyrid and 
2-t2-(3.5Hiimethyl-4-methoxy)pyridylmethylsuffinyl]-6-(3-cyciopentylpropyloxy)imidazo[4,^^^ 

10. A process for preparing a pharmaceutical composition useful for the treatmer^t of gastric and/or 
duodena] ulcers which comprises incorporating an imida2o[4,5-b]pyridine connpound as defined in 
claim 1 with one or more physiologically acceptable pharmaceutical carriers. 

11. A process for preparing a pharmaceutical composition as claimed in claim 9 where an 
imlda2o[4,5-b]pyridine compound is selected from the group consisting of 
2-[2-(3,5-dimethyl)pyridylmethyIsumnyl]-5-methoxtimldazo[4.5-b]pyridlne. 
2-[2-(3,5-dimethyM-methoxy)pyridylmethylsulfinyl]-5-methoxyimidazo[4.6-b]pyridine, 
2-[2-(3.4.5-trimethyl)pyridylmethylsulfinyl]-5-methoxyimidazo[4.5-b]pyridine, 
2-[2-(4-methoxy-5-methyl)pyridylmethylsulfinyf]-5-methoxyimidazo[4,5-b]pyridlne, 
2-[2-(4"methoxy-5-methyI)pyridylmethylsumnyl]-7-methoxyimidazo[4,5-b]pyridi^ 
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2-[2-(3,4,5-trimethyl)pyridylmethyIsuifinylJ-5-ethoxyimidazo[4,5-b]pyrW 
2-[2-(3,5-dlmethyI)pyridylmethylsumnyl]-5-lsopropyloxyimidazoI4,5-b]pyrid^ 
2-[2-(3,4,5-trimethyI)pyridylmethyIsulfinyi]-5-ivbutyIoxyimldazo[4,5 
2-[2-{4-methoxy-5-methyl)pyridylmethylsuIfinyl]-5-cycIopropylmethyIoxyimidazo[4^^^^ 
2-[2-(3,5-dimethyl)pyridylmethylsulfiny!]-5-ethoxyimida2o[4.5-b]pyridine, 
2-[2-(3,5-dimethyl-4-methoxy)pyridylmethylsulfinyl]-5-isopropyloxyimida2o[4,5-b 
2-I2-(4-methoxy-5-methyl)pyridy!methyIsulf!nyl]-5HSopropyloxyimidazo[4,5-b]pyri 
2-[2-(4-methoxy)pyridylmethyIsulfinyl]-5-iso propyloxyimida2o[4.5-b]pyridine. 
2-[2-(3.5-dimethyl)pyridylmethylsuffinyl]-5-n-propyloxy!midazo[4.5-b]pyridin 
2-[2-(3.5-dimethyl)pyridylmethylsurinyl]-5-isobutyloxyimidazo[4.^^ 
2-[2-(3,5-dimethyI-4-methoxy)pyridylmethyIsulfiny!]-5-isobutyIoxyimW 
2-[2-(4-methoxy-5-methyl)pyrrdylmethylsulfinyl]-5-isobiJtyIoxyimI^ 
2-[2-(4-methoxy)pyridy!methylsulfinyl]-5HSobutyloxyimidazo[4.5-b]pyridine. 
2-[2-(3.5-dimethyl)pyrldylmethylsumnyl]-5-cyclopropylmethyIoxylmidazo[4,5-b]p 
2-[2-(3,5-dimethyI-4-methoxy)pyridylmethyIsuIfinyl]-5-cyclopropylmethyIoxyim 
2-[2-(4^methoxy)pyridylmethylsu!finyl]-5K:yclopropylmethyloxyimida2o[^ 
2-[2-(3.5-dimethyl-4-methoxy)pyridylmethylsumnyl]-5-{2,2,2-trmuoroethoxy)imida2o[^ 
2-[2-(4-methyl)pyridylmethylsuifinyI]-5-(2,2.3.3.4.4.4-heptafluorobutyloxy)imid^^ 
2-[2-(3,5Hdirnethyl)pyridylmethylsulfinyl]-5'n-heptyloxyimida2o[4,^ 
2-[2-(3,5-dimethyI)pyrkiyImethylsumnyl]-5-(3-methylbutylo^^ 
2-[2-(3,5-dimethyI-4-methoxy)pyridyImethylsumnyl]-6-(3-cyclopenty^ 
12. A process for preparing a phamnaceutical composition as claimed in claim 9 where said one or more 
physiologically acceptable pharmaceutical carriers are selected from the group consisting of com starch, 
dextrin, a-, p- or y-cyclodextrln, glucose, lactose, sucrose, methylcellulose. ethylcellulose, calcium 
carboxymethylcellulose. crystalline cellulose, magnesium stearate. sodium alginate, Witepsol W35, 
Witepsol E85, polyvinyl alcohol, synthetic aluminum silicate, talc, waxes, hydroxypropyl cellulose, hydroxy 
propyl methylcellulose, hydroxyethyl methylcellulose, cellulose acetate phthalate, hydroxypropyl 
methylcellulose phthalate, polyvinyl alcohol phthalate. styrene-maleic anhydride copolymer, polyvinyl 
acetal diethylaminoacetate, glycerol, propylene glycol, mannitol, polyoxyethylene stearate, poly- 
oxyethylene cetyl alcohol ether, polyethylene glycol, polyvinyl pyrrolidone, sortaitol, Tween 80. Span 60, 
fats, oils and water. 
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